Olive trees are a major source of agricultural residues. Strategies based on different management of organic amendments have been reported to increase soil fertility. The effect of sustainable organic matter input practices (application of shredded pruning residue and olive residue compost to soil) on soil properties in irrigated and rain-fed olive groves was investigated. The study took place in 40 olive groves in the region of Peza, island of Crete, Greece during a 5-year period (2012)(2013)(2014)(2015)(2016)(2017). The results showed that olive trees play an important role in soil nutrient conservation under semi-arid conditions in the Mediterranean basin. The addition of olive tree residues, in combination with conservation tillage practices, improved soil fertility over the experimental period. Most of the soil properties were favored by irrigation. In olive soil parcels receiving organic materials the soil organic matter and the total nitrogen were increased in irrigated fields. The ability of surface soil to sequester carbon and nutrients beneath the tree canopy of olive groves was high. It is recommended that sustainable soil management practices should consider soil fertility variability of olive orchards.
).
In particular, in recent years, the use of cultivation systems that might be able to improve or preserve soil quality, health, and fertility in olive orchards is highly recommended. In most Mediterranean countries, olive trees are a major source of agricultural residues. The cultivation of olive trees produces a large quantity of biomass, such as branches of different thickness and leaves. At the same time high loads of both liquid and solid olive mill wastes are being produced during the olive oil extraction pro-nitrogen and carbon dynamics in soils (Gómez-Muñoz et al. ) , improving soil fertility. Mulch using plant residues is becoming increasingly popular with farmers, because it reduces both the need for weed control measures (Calatrava & Franco ) and soil and nutrient losses (Rodríguez-Lizana et al. ) . Mulching helps to ensure partial weed control because when the mulch decomposes it forms a physical barrier and produces allelopathic substances (IOOC ). Moreover, in recent years mulching has become one of the best options for increasing irrigation efficiency and enhancing the efficient use of rainfall by crops in arid and semi-arid areas (Farzi et al. ) .
One of the most important factors affecting soil fertility in olive groves is the input of organic matter as compost to soil. Olive tree prunings and leaves after shredding have been used as a bulking agent for composting with other organic residues with encouraging results (Manios ). 
METHODS

Study site and soil analysis
The area of study is located in the island of Crete and in particular in the region of Peza (Prefecture Heraklion). 
Statistical analysis
Data were subjected to analysis of variance (ANOVA) using period of soil sampling (T), IP, cultivation practices-organic matter inputs (CP) and sampling location (SL) as factors.
The data were first tested for homogeneity of variance and normality (Shapiro-Wilk's W test) and then were subjected to a multifactorial analysis of variance followed by Duncan's multiple range (a ¼ 0.05).
RESULTS AND DISCUSSION
Changes of soil properties with year of soil sampling (T)
SOM significantly increased according to the year of sampling ( Table 2 ). The increase of SOM is the reflection of the relatively lower microbiological activity and therefore low rate of C mineralization (Dersch & Bohm ) . In fact, BR was significantly decreased with the period of sampling, probably because decomposition was hindered by low soil moisture conditions. Agricultural systems of semi-arid areas of Crete are typified by low rainfall and high temperature mainly during the summer. On the other hand, MB-C was increased at the third sampling period in relation to the previous sampling periods, suggesting a long-term effect on the microbial community. The build-up of a large and active soil microbial biomass is an important pool of accessible nutrients (Gregorich ).
As in the case for SOM, TN was increased over the years, and its content was significantly different at the end of the sampling period (Year 5) compared with the first one. The relatively higher levels of TN are the result of immobilization process due to a high C:N ratio of plant residues. Mean C:N ratio of plant residues was 34 for leaves, 82 for small branches and 174 for thick branches (Table 1) As organic matter was increased with years of experimentation, nutrient availability was reduced. Available P and K exch were significantly reduced in the last two sampling years compared with the first year of soil sampling, while no significant differences were registered for Mg exch (Table 3) 
Effect of irrigation practices (IP)
Most of the soil properties were significantly and positively influenced by irrigation compared with rain-fed conditions, except for inorganic nitrogen (Tables 2 and 3 5.46 ± 0.14a 1.86 ± 0.07a 111 ± 9a 4.1 ± 0.6b 0.109 ± 0.005c 1.252 ± 0.020a IP Irrigated fields 4.95 ± 0.12a 1.96 ± 0.06a 82 ± 11 7.9 ± 0.6 0.129 ± 0.004a 1.165 ± 0.017a Rain-fed fields 3.61 ± 0.11b 1.46 ± 0.05b 85 ± 14 NS 9.4 ± 0.6 NS 0.122 ± 0.002b 1.045 ± 0.015b CP Control 4.07 ± 0.10 1.70 ± 0.04 81 ± 13 11.4 ± 0.6 0.128 ± 0.002 1.089 ± 0.014 Organic amendments 4.61 ± 0.14 NS 1.72 ± 0.06 NS 87 ± 12 NS 4.5 ± 0.5 NS 0.121 ± 0.005 NS 1.091 ± 0.019 NS SL UTC d 4.55 ± 0.11a 2.03 ± 0.05a 104 ± 11 ba 9.4 ± 0.6 0.144 ± 0.012a 1.236 ± 0.015a OuTC 3.91 ± 0.11b 1.71 ± 0.04b 85 ± 13 ab 8.3 ± 0.6 0.125 ± 0.012b 1.079 ± 0.014b 10-40 cm 3.64 ± 0.14b 1.38 ± 0.08c 58 ± 15 ab 8.2 ± 0.9 NS 0.107 ± 0.022c 0.954 ± 0.021c a GLM model: main factors, values of F: *P < 0.05; **P < 0.01; ***P < 0.001; NS: no significant differences.
c Mean values for each measured parameter within factors (T, IP, CP, SL) with the same letter are not significantly different (P < 0.05); se: standard error.
d UTC: under tree canopy 0-10 cm, OuTC: outside tree canopy 0-10 cm.
conditions, therefore promoting soil fertility (Table 2 ). This is due to increased soil moisture conditions, which enhance vegetation biomass and the development and activity of microorganisms. Actually the mean HA/FA was significantly higher in irrigated soils compared with rain-fed ones (Table 3) , indicating a better microbial turnover efficiency in irrigated parcels (Piotrowska et al. ) . Among the physical factors, soil moisture can affect humification (Bonifácio et al. ) . In this study, a higher moisture content in irrigated soil parcels compared with rain-fed ones 
Effect of organic matter input practices (CP)
Organic amendments did not have a significant effect on OM, TN, inorganic nitrogen and microbial properties (Table 2 ). This may be partly attributed to the short duration of demonstration period of organic matter input practices in soil parcels (soil amendment took place twice during the experimental period). 1.94 ± 0.07b 2.01 ± 0.10b 0.97 ± 0.02b 0.76 ± 0.03b 2.15 ± 0.07b 21.2 ± 1.4b Year 5
2.24 ± 0.08a 2.62 ± 0.11a 1.13 ± 0.02a 0.71 ± 0.02b 1.98 ± 0.06ab 16.2 ± 1.4c IP Irrigated fields 2.36 ± 0.06a 2.83 ± 0.09a 1.16 ± 0.03a 0.83 ± 0.03a 2.18 ± 0.06a 23.3 ± 1.3a Rain-fed fields 1.59 ± 0.06b 1.57 ± 0.08b 0.99 ± 0.02b 0.69 ± 0.02b 1.99 ± 0.05b 16.8 ± 1.1b CP Control 1.83 ± 0.05b 2.08 ± 0.08 1.56 ± 0.03a 0.83 ± 0.02a 1.84 ± 0.05b 24.8 ± 1.1a Organic amendments 2.20 ± 0.06a 2.40 ± 0.11 NS 0.98 ± 0.02b 0.66 ± 0.03b 2.47 ± 0.08a 12.8 ± 1.4b may be related to the decrease of microbial carbon use efficiency.
Organic matter inputs significantly reduced FA (Table 3) while no significant changes were detected for HA and consequently the HA/FA ratio was significantly increased, indicating that in soil parcels receiving organic materials SOM would deplete at a slower rate and would be maintained for a longer period (Stevenson ) .
With regard to nutrients, the application of organic material significantly decreased K exch . This could be explained by a possible increase in CEC which is expected.
Organic matter is a contributor to soil CEC (Thompson et al.
) therefore increasing the potassium fixation capacity.
In contrast, potassium-magnesium antagonism in soils ( Jakobsen ) seems to be a contributor to the increase of Mg exch after the addition of organic materials. Available P was also significantly and negatively influenced by organic matter input practices. Organic amendments added to soils may also negatively influence P solubility (Iyamuremye & Dick ) . Beri et al. () reported that the incorporation of crop residues with large C:N and C:P ratios over a long period can decrease the yield of rice and wheat by nitrogen immobilization and P adsorption in soil. Crop residues with higher P content (>0.24%) increased net P mineralization, while crop residues with low P content (<0.07%) resulted in net P immobilization (Nziguheba et al. ) . In our study the concentration of P in organic materials was lower than the upper limit, indicating low P mineralization.
A significant organic matter input practices (CP) × IP interaction (p < 0.05) for SOM and TN (Figure 1 ) revealed that the effect of organic matter addition was dependent on irrigation conditions. Alternative CP significantly increased SOM and TN in irrigated fields, while TN was decreased in rain-fed fields and no effect was recorded for SOM. In semiarid olive ecosystems favorable soil moisture conditions help the accumulation of organic matter and nitrogen. It is generally accepted that irrigation enhances biomass production and the amounts of above ground harvest residues, which results in larger amounts of SOM (Entry et al. ) .
Effect of sampling location (SL)
Soil chemical and microbial properties were significantly higher UTC compared with outside the canopy (OuTC), except for NH 4 þ and HA/FA (Tables 2 and 3) In conclusion, the results of this study showed that under the current experimental conditions, SOM, TN, nitrates, HA and microbial carbon were increased over the experimental period. In fact, reduced tillage or no tillage practices applied to the soil parcels throughout the field trials promote SOM accumulation and microbial activity.
There were no significant changes in SOM, TN, inorganic N and microbial properties after soil amendment with organic materials. Actually it may take many years before some soil quality indicators fully respond. On the other hand, most of the soil properties were significantly and positively influenced by irrigation compared with rain-fed conditions. The effect was more pronounced for SOM and TN in irrigated fields receiving organic materials. Therefore sustainable agricultural intensification that will improve irrigation can increase soil fertility. Major differences in soil
properties were recorded in relation to the distance from the tree trunk. The ability of surface soil in olive groves to sequester carbon and nutrients beneath the tree canopy was high. It is advised that the variability in soil fertility in relation to the distance of the olive tree should be taken into account for increasing the efficiency of best soil management practices and irrigation. 
